The effect of tanniniferous browse meal on faecal egg counts (FEC) and intestinal worm burdens was investigated in sheep and goats infested experimentally with gastrointestinal nematodes. Initially, leaves of different browse tree species were assayed for condensed tannin (CT) content using a colorimetric method to determine concentration and seasonal variations. The level of CT in the leaves ranged between 58 -283 g/kg dry matter. Seasonal changes in CT levels were influenced by stage of leaf maturity with peak levels after the wet season in June. Leaves of Acacia polyacantha had the highest tannin concentration and were used to test their anthelmintic effect in goats and sheep infested with the nematodes in two separate feeding trials. In Trial 1 an acacia leaf meal supplement (AMS) was offered at 100 -130 g/animal/day for 20 days to growing Small East African goats to investigate its effect on FEC and worm burden. Mean FEC and worm burden of the AMS-fed group were respectively 27% and 13% lower than in the control group. Trial 2 was similar to Trial 1 except that AMS was offered for 30 days to growing Black Head Persian sheep at 170 g/animal/day. The sheep receiving AMS showed a slight reduction in FEC (on average 19% lower than the control group) but had no effect on worm burden. The current results substantiated previous reports of a suppressing effect of CT on gastrointestinal nematodes of small ruminants. Although the observed anthelmintic activity of AMS was less than expected, such reductions can have practical epidemiological implications in reducing pasture larval contamination. Further studies are needed under field conditions to evaluate the feasibility of using locally available tanniniferous browse as an alternative to synthetic anthelmintics in reducing worm infestations in small ruminants. _______________________________________________________________________________________
Introduction
The emergence and spread of gastrointestinal (GI) nematode populations that are resistant to anthelmintic treatments (Prichard, 1994) have contributed significantly to poor productivity in small ruminants particularly those reared in tropical and subtropical environments (Van Wyk et al., 1997; Waller, 1999) . Even in regions in developing countries where these chemicals are still effective, most resource-poor farmers find the purchasing of anthelmintics too expensive (Hammond et al., 1997) . Development of alternatives for helminth control which are less reliant on chemotherapeutics, is considered the way forward (Gill & Le Jambre, 1996; Waller, 1999) . Although alternatives such as grazing management, selective breeding for resistant hosts, worm vaccines and the use of biological agents have been proposed, their adoption and success under conditions that exist in most developing countries has not been satisfactory. Factors such as finance, technical know-how as well as sustainability play a major role. The use of plants with anthelmintic properties which can reduce or control parasitic nematode infestations is one of the alternative sustainable approaches. Bark of the tropical leguminous tree, Albizia anthelmintica, has been tested and found to have anthelmintic properties against various nematodes (Minja, 2002; Githiori et al., 2003) . However, the limited geographical distribution of this species restricts its wider use.
Tannins are polyphenolic compounds widely distributed in the plant kingdom. Field studies have established that nematode-infested sheep fed tannin-rich fodder performed better than those receiving tanninfree fodder (Niezen et al., 1993) . Some on-station trials showed significant decreases in FEC and worm burdens when a commercially available quebracho tannin preparation was included in the diets of sheep infested with Trichostrongylus colubriformis (Athanasiadou et al., 2000; Butter et al., 2000) and Haemonchus contortus (Max et al., 2005b) . In vitro studies with commercial tannin preparations have also
Materials and Methods
The studies were carried out at the Sokoine University of Agriculture in the town of Morogoro, Tanzania, which is located at 6°48′S -37°36′E and ca. 500 m above see level. The area experiences two rainy seasons with ambient temperatures ranging from 15 to 35 °C. Browse trees and shrubs are widely distributed in most parts of the Morogoro region and constitute a considerable proportion of livestock diets especially during the long dry season because they are drought tolerant and readily available (Mbuya et al., 1994) .
Twelve abundant species of browse trees and shrubs from the study area were selected and identified (Table 1) . Leafy twigs 10 to 15 cm from the branch tip were sampled monthly, oven-dried at 55 °C to a constant weight before being ground to pass through an 1 mm screen. These samples were screened for CT. The data were used to select five readily available species with high CT concentrations in the study area. Condensed tannin concentrations in the plant samples were determined using the acid-butanol method (HCl-butanol-iron) as described by Porter et al. (1986) . Condensed tannin from the commercially available quebracho extract (ATO; Hodgesons Chemicals Ltd., UK) was isolated as described by Giner-Chaves et al. (1997) and used as a reference standard. The CT concentrations were therefore expressed as g/kg dry matter (DM) on a quebracho tannin equivalent basis. Leaves of Acacia polyacantha, collected after the rainy season in June-July, contained the highest levels of CT, and were also the most abundant species in the study area. Enough leaves were therefore collected around June for subsequent animal supplementation studies. Leafy twigs were sampled as before and sun-dried within 24 hours. The leaves, called acacia meal supplement (AMS), were placed in polyethylene bags and kept in a cool, dry room pending the animal studies. Like many other leguminous browse trees, Acacia species contains substantial amounts of crude protein (CP). To balance for differences in nutritive value between the browse-fed and control groups, Pannicum trichocladum (donkey grass) leaves were used because it contains no CT and has CP values comparable to that of A. polyacantha. and was readily available during the trial. Near or early bloom grasses were collected and the succulent leaves were separated from the fibrous main stems and processed to ensure a good quality feed. The leaves were sun-dried and then ground to pass through a 2-mm screen before being stored. The product was used as the grass meal supplement (GMS). Growing Small East African (SEA) goats and Black Head Persian (BHP) sheep were used in two separate supplementation trials. Goats were purchased from small-scale farmers in the vicinity of the study area. However, sheep were less readily available in the study area and were therefore sourced from a ranch in West Kilimanjaro, Northern Tanzania. The animals were housed in individual wooden pens with raised floors. Goats were offered ad libitum rice straw treated with 5% urea and sprayed with molasses, whereas the sheep were fed a basal diet consisting of a mixture of chopped Chloris gayana and Brachiaria brizantha hay. The diets of all animals were supplemented daily with 120 -150 g of a maize bran-based concentrate (75% maize bran, 24% cotton seed cake and 1% minerals). Once in the experimental house, the animals received a single oral dose of a broad-spectrum anthelmintic (Valbazen® [Albendazole], Novartis East Africa Ltd, Kenya) to clear any worm infestations, and were sprayed with acaricide (Triatix® [Amitraz 12.5%], Coopers Ltd, Kenya) to control ectoparasites. Due to endemic coccidiosis in the study area a coccidiostat (Trisulmix® [sulfamethasone-trimethoprime] Coophavet, France), was given regularly as a prophylaxis.
Faeces from a naturally infested goat were cultured by the standard Baermann technique (Urquhart et al., 1987) to produce infective stage larvae (L3). The L3 were identified to genus level using keys of Hansen & Perry (1994) . Four nematode genera were identified; Haemonchus (76%), Oesophagostomum (16%), Trichostrongylus (6%) and Cooperia (2%). The harvested L3 were suspended in distilled water and kept in culture tubes at 4 °C until they were used to establish experimental infestations in the experimental goats and sheep.
In the goat trial 24 intact SEA bucks aged 12 and 14 months with an average body weight of 15.8 ± 2.4 kg were used. The animals were allowed to acclimatise to the experimental environment and diet for two weeks. On day 1, all goats received a single oral dose of the mixed nematode larvae at a rate of 2000 larvae per 20 kg body weight. Faecal egg counts were assessed using the McMaster method (Urquhart et al., 1987) and were monitored regularly throughout the trial. On day 38 post-infestation the goats were blocked on the basis of their faecal egg counts and randomly allocated into two groups (n = 12). Animals in the AMS group received their daily concentrate allowance in which 100 g of dry A. polyacantha leaves (CT = 324 ± 95 g/kg DM; CP = 169 g/kg) were added. Animals in the control group (GMS) were supplemented with 100 g/day of the dry ground grass leaves of P. trichocladum (CT = 0.87 ± 0.02 g/kg DM; CP = 174 g/kg). The browse and control supplements were increased to 130 g/day by day 44 p.i. as the goats became more used to consuming the leaves. Any feed refusals were collected and weighed early in the morning before the daily feed allowance was offered. Faeces were visually examined for colour and consistency and faecal DM content was regularly monitored using the standard dry-to-constant-weight method. On day 59 p.i. (i.e. after 21 days on the supplements) all animals were slaughtered humanely and their abomasums and small and large intestines were removed and the worm burdens assessed, as described by Dawson et al. (1999) .
Twenty-eight rams, 12 to 14 months of age (18.7 ± 2.1 kg bodyweight), were used in the sheep trial. Its experimental design was similar to that of the goat trial with two major exceptions; AMS was offered ad libitum (150 -170 g/day) and the supplementation period was extended to 30 days (i.e. from day 30 to day 60 inclusive).
The data were analysed using a statistical package (GenStat., 2002) . The FEC were square root transformed to normalise the data and then analysed as complete randomised designs using one-way analysis of variance (ANOVA) with individual animals as blocks. The impact of treatment on faecal egg output was measured using faecal egg counts taken a day after the onset of treatment to the day of slaughter. Worm burden data were subjected to one-way ANOVA with individual animals as block structures.
Results
Results for the CT concentrations in leaves of 13 species of browse plants are shown in Table 2 . Five species selected for their high CT content were analysed monthly and results are presented in Figure 1 . Of the five species, A. polyacantha had the highest overall mean CT concentration (283 g/kg DM), while the lowest mean value of 58 g/kg DM was measured in the Neem tree (Azadirachta indica) samples. Seasonal variation in the concentration of CT in leaves of the five selected browse species is shown in Figure 1 . Variations in CT levels in the plants followed a characteristic pattern that was similar for all species. The lowest concentration of CT was recorded for samples collected in November to February. The values increased gradually to a peak in July before declining gradually towards November. Goats in the GMS group produced softer faeces than those in the AMS treatment. This finding was reflected in their mean faecal DM content that was 362 and 388 g DM/kg fresh faeces for GMS and AMS, respectively. The significant treatment x time interaction (P < 0.05) for faecal DM content was an indication of increasing faecal water content with time in the GMS group compared to the AMS group (Figure 6 ). There was no significant difference in faecal DM content between GMS and AMS groups during the sheep trial.
Discussion
Analysis of CT in leaf samples of different browse trees indicated significant differences in concentrations between species, with the leaves of the leguminous trees being the highest. Acacia polyacantha had the highest CT concentration, and this species is abundant in the study area. It was therefore chosen to be used in the supplementation trials. The current data agreed well with the fact that legumes are a good source of tannins (Jansman, 1993) . The average levels of extractable CT reported here were comparable to those usually found in many tropical trees (Lowry et al., 1996; Sotohy et al., 1997; Getachew et al., 2000) . The observed pattern of seasonal variation in levels of CT (Figure 1 ) was probably due to the influence of leaf maturation, i.e. levels of CT reaching a peak as the leaves mature and then starting to decline thereafter. Most of the plants had their youngest leaves between October and February, explaining why the CT concentrations during this period were at their lowest. A similar trade-off between leaf growth and accumulation of phenolics has been reported by Riipi et al. (2002) who observed a rapid decline in the soluble CT concentration of leaves after an initial increase in young leaves during spring. Environmental or climatic stress, e.g. diseases, predators and drought is an important factor contributing to temporal and seasonal changes in levels of polyphenolics in plants. Levels are known to increase under these conditions (Robbins et al., 1987; Aerts et al., 1999) .
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In this study goats and sheep experimentally infested with nematodes were supplemented daily with A. polyacantha leaf meal for 20 to 30 days. Supplementation had a slight effect on FEC and worm burdens. These effects were lower than that reported in similar studies in which parasite infested sheep or goats were offered tanniniferous fodder (Kabasa et al., 2000; Paolini et al., 2003a; Min et al., 2004) . However, it should be noted that contrasting results from studies on the effect of tannins on nematodes of small ruminants are not uncommon. The administration of quebracho tannins as a drench to sheep has for instance caused a significant reduction in their worm burden of H. contortus (Max et al., 2005b) . In a similar study using a different batch of QT, no significant effect was observed against the same worm species (Athanasiadou et al., 2001) . Furthermore, Minho et al. (2005) demonstrated that feeds containing the same concentration of tannins though from different plant species possess different anthelmintic activities. Tannins are a group of highly heterogeneous phenolic compounds (Jansman, 1993) , and therefore differences in their structure could explain their varying biological effects. Tannins from various sources react differently depending on their molecular characteristics (Field & Lettinga, 1992; Mueller-Harvey & McAllan, 1992; McNabb et al., 1998) and they are also likely to give different responses against GI nematodes. Recently there has been an increase in the number of studies investigating the effect of dietary tannins on parasitic nematodes particularly in small ruminants. A general observation from these studies is that the effect of tannins on parasitism needs to be measured not only by using FEC and worm burden reduction criteria but also other parameters such as female worm fecundity, egg hatchability, larval development/survival as well as periparturient rise in egg counts. A study by Min et al. (2004) showed for instance that consumption of tanninrich forage (Sericea lespedeza) helped to reduce not only FEC in sheep but also larval development in the pasture. Paolini et al. (2003a; demonstrated in goats that the administration of extracts from tanniniferous plants were able to decrease egg excretion due to a decrease in the fecundity of female worms without changes in worm burdens. In another study by Ramirez-Restrepo et al. (2004) ewes grazing tannin-rich Lotus corniculatus had a reduced peri-parturient rise in FEC compared to a group of ewes grazing on tannin-free pastures. Although there was an average FEC reduction of 19% in the treated (AMS) group in the current South African Journal of Animal Science 2007, 37 (2) © South African Society for Animal Science 104 sheep trial, the total worm burden in the same group was found to be 19% higher than in the control (GMS) group. This is contrary to our logical expectations but such an observation strongly suggested that the acacia supplement had a negative effect on worm fecundity. If any reductions in faecal egg output are accompanied by reduced egg hatchability and/or larval development/survival, then this effect would be of epidemiological value as far as pasture contamination by infective larva is concerned. Excretion of diarrheic faeces is one of the major clinical signs that characterize nematode infestations. In the present study goats in the GMS treatment had a higher tendency to void diarrheic faeces compared to their counterparts in the AMS group, although worm burdens were similar. This could be an indication that supplementation with acacia leaves could improve the host's resilience to nematode infections. Similar observations were recorded by RamirezRestrepo et al. (2004) who found that ewes grazing L. corniculatus had a consistently lower dag (matting of wool around the hind quarters due to diarrheic faeces) score than those grazing tannin-free pastures. Despite some positive findings from different studies investigating the effect of tannins and tanniniferous fodder in a nematode parasitized host it is still equivocal on how these effects are brought about. While some studies have shown that the effects of tannins are due to their ability to interact and protect degradation of ruminal proteins (Niezen et al., 1993; Wang et al., 1996) , others have demonstrated direct toxic effects of tannins on nematodes (Athanasiadou et al., 2000; Butter et al., 2000; Max et al., 2005a) . Findings from similar studies can therefore vary widely depending on the predominant mode of action. It has also been suggested that chemical structure of CT could be more important than their actual concentration as far as biological responses are concerned (McNabb et al., 1998) . Results from feeding trials can be influenced and confounded by the presence, in the plants, of other unknown bioactive substances together with differences in nutritional values when different tanniniferous plants are compared. To confidently associate the observed effects to tannins per se, studies need to be designed in such a way that all animals are offered the same tanniniferous plant but one group must be given a CT deactivator such as polyethylene glycol (PEG) in addition.
This study has demonstrated that tanniniferous browse plants are available in the study area and that leaves harvested after the main rainy season have the highest concentration of CT. These can be harvested, dried and stored for use during the rainy season when the incidence of nematode infestation is the highest. Although AMS showed a limited anthelmintic effect its consumption was associated with increased resilience to worm infestations particularly in goats. The best way to harness the limited anthelmintic activity of AMS and possibly other tanniniferous plants is to combine their use with other husbandry techniques designed to reduce the impact of intestinal parasites, such as controlled grazing, improved nutrition, selective chemical anthelmintic treatment as well as selective breeding for resistant hosts. Further studies are needed to assess the effect of feeding tanniniferous browse on various parameters of worm epidemiology such as egg hatchability, larval survival and pasture contamination.
